M1 RNA; ribozyme; Escherichia coli Ribonuclease P (RNase P) is a ubiquitous ribonucleoprotein enzyme which cleaves the 5 0 -leader sequence from a tRNA precursor. 1, 2) Among several partial domains of RNase P RNA, the J3/4 domain plays an important role in the occurrence of ribozyme reactions. Phylogenetic studies have shown that the J3/4 junction sequence A 62 G 63 G 64 A 65 (indicated as base number of E. coli ribozyme) between the P3 and P4 domains, and several bases in the P4 domain alone, are completely conserved in bacterial and archaeal enzymes. [1] [2] [3] Recently, Kaye et al. and Christian et al. reported that the J3/4 domain also takes part in metal ion binding essential for ribozyme reactions. [4] [5] [6] [7] In this study, we focused on the length of the J3/4 domain of E. coli RNase P RNA and prepared a series of length variants of this domain: the A 62 G 63 G 64 A 65 was replaced with either A (denoted ÁAGG), GA (ÁAG), GGA (ÁA), AAGGA (AEA), AAAGGA (AEAA), or AAAAG-GA (AEAAA) (Fig. 1) . The E. coli RNase P RNA and the E. coli pre-tRNA 3 Pro were prepared by in vitro transcription with Thermo T7 RNA polymerase (Toyobo) from pGEM-3Z-derived plasmids. 7) Every RNase P RNA contains an additional 5 0 -GGAATTC-3 0 tag sequence (containing EcoRI site) at the 5 0 -end and an additional 5 0 -AAGCT-3 0 tag sequence (derived from HindIII site) at the 3 0 -end. The mutant RNase P RNAs were constructed using the restriction sites EcoRI (G À6 -C À1 ) and BanII (G 72 -C 77 ) with synthetic DNAs that have mutated sequence. The pre-tRNA was labeled at the 5 0 -end with [-32 P]ATP and T4 polynucleotide kinase as described. 7) Other enzymes and chemicals were purchased from commercial available sources as y To whom correspondence should be addressed. Fax: +81-532-44-6929; E-mail: tanakat@eco.tut.ac.jp Abbreviations: RNase P, ribonuclease P; tRNA, transfer RNA described.
7) The ribozyme reactions were done at 5, 10, and 20 mM magnesium ion concentrations. 5 0 -end labeled pre-tRNA 3 Pro was used as a substrate for each reaction. The standard reaction mixture contained 50 mM Tris-HCl (pH 8.0), 100 mM NH 4 Cl, 5-20 mM MgCl 2 , 5% (w/v) polyethylene glycol 6,000, 0.39 M E. coli RNase P RNA, and 31 nM 5 0 -labeled pre-tRNA 3 Pro in a total volume of 20 l reaction mixture. The concentrations of RNase P RNA and pre-tRNA were measured spectrophotometrically by absorbance at 260 nm. The mixture was incubated at 37 C for one hour, and the products were developed on 10% polyacrylamide gel electrophoresis. 7) Quantitative analyses of the reactions were done counting the photo-stimulated luminescence of the product bands in a radiogram of the gel using BAS-1800 (Fujifilm).
The RNase P reactions in 60 min are shown in Fig. 2 . At 5 mM, the products by the ÁA and ÁAGG ribozymes were hard to detect (less than 1%) and the product by the ÁAG ribozyme was just detected (about 3% of the substrate content). On the other hand, the products by the AEA, AEAA, and AEAAA ribozymes were clearly detected (more than 10% of the substrate content). Compared with the wild-type ribozyme which produced more than 90% products in five minutes, the activity of the length variant ribozymes were very low. The results also indicated that the mutations at the J3/4 domain did not affect cleavage site selection because all products cleaved by the mutant ribozymes appeared in the same pattern as the wild-type ribozyme, and the rising concentration of magnesium ions rescued ribozyme activity as shown in the previous results of G63C/G64C mutation. 8) We also measured rate constant of hydrolysis of a substrate by each ribozyme under the same conditions ( Table 1) . The results were consistent with those shown in Fig. 2 . These data indicated that truncation of this domain affected ribozyme activity more than insertion of bases into this domain. In truncating mutations, the reductions in ribozyme activity came not from the absence of the base A 62 but from the shorter length of this domain. Our previous report found that A62G-mutant (A 62 was replaced by G) was still active and displayed about half the activity of the wildtype ribozyme, and this suggests that the presence of guanine, being proximal to the P3 domain, in truncation mutation might compensate for the ribozyme activity to some extent. 8) The above results indicated that the length and base sequence of J3/4 domain is important, and that mutations in this domain drastically reduced ribozyme activity but did not affect the cleavage site selection of a substrate by the ribozyme. Considering that a high concentration of magnesium ions compensated for the effects of mutations, the natural length of the J3/4 domain might contribute to correct formation of the metal binding site on this domain.
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